Introduction
Devices using organic semiconductors and nonlinear optical materials have potential applications such as flexible displays, identification tags, electronic paper, large-area sensors, optical switches and optical IC. Many papers have been published on organic thin films of organic semiconductors and non-linear optics materials. Vanadyl-phthalocyanine (VOPc) film deposited on KBr (100) substrate shows a unidirectional molecular orientation with a square commensurate lattice and it has large nonlinear optical susceptibility. On the other hand, vanadylphthalocyanine, an organic semiconductor, is applicable as an active layer of the organic field effect transistor (OFET). However, the electrical/optical properties and optimum preparatory conditions of nano-VOPc crystals are not well understood. We investigated the relationship between the preparatory conditions and the morphology of nano-VOPc crystal formable on KBr substrate and obtained oriented nano-VOPc crystals, which were improved through annealing. Such nano-crystals are expected to be applied in organic electronic/optical devices.
Experiments
Nano-VOPc crystals were prepared on KBr (100) substrate using molecular beam epitaxy (MBE) equipment. The surface morphology of nano-VOPc fabricated on KBr substrate was observed by AFM. The morphology and orientation of nano-VOPc crystals were identified with Vis/UV spectra and X-ray diffraction. Figure 1 shows an AFM image of the surface of the VOPc thin film with an evaporation time of 7 min. and annealing at 150 ℃ for 180 min. Many square-shaped nano-VOPc crystals can be seen in the AFM image of Figure 1 . The AFM image of the sample before annealing shows many grains form a size smaller than that before annealing and the surface of grains lack the smoothness. In addition, their grains have molecular clusters. After annealing, the size of nano-crystals is larger than that before annealing and the number of small nano-crystals markedly decreases with the annealing. Furthermore, the surface of the nano-crystals is smother than that before annealing, which indicates that during annealing, small grains merge with one another through thermal diffusion and many clusters existing around the grain adhere to the grain by thermal annealing.
Results and Discussion
In annealing treatment at 150 ℃ for 360 min, the grain size grew larger than that after the thermal annealing at 150 ℃ for 180 min., and the contact between grains caused distortion inside the grain. In the sample prepared with an evaporation time of 15 min., grains having a unidirectional orientation can be seen in the AFM image. This indicates that during the evaporation time, VOPc molecules adhering on KBr (100) substrate move to epitaxial sites on the substrate and then, form a commensurate square lattice of 3×3 R45 o . After that, VOPc molecules arriving on the substrate are deposited with epitaxial growth. This also means that grains formed with the evaporation time of 15 min. on the substrate are in a unidirectional orientation. Annealed at 150 ℃ for 180 min., the grain is a size larger and adheres in clusters more than before annealing. In addition, the grains form in a unidirectional orientation. These findings indicate that the formation of clusters with the thermal diffusion of VOPc molecules adhering on the substrate and the cluster and grain are absorbed and merged, moreover, grains on the substrate are absorbed and merged. Also, the evaporation and annealing time are closely related to the unidirectional orientation of grains on the substrate. In annealing treatment at 150 ℃ for 360 min., the contact between grins occur the distortion inside the grain. Soc. Jpn, Vol.49, No.6, pp.46-48 (2006) 
